Introduction {#Sec1}
============

Childhood and adolescent fractures are a public health concern. One of every two children will break at least one bone between birth and late adolescence \[[@CR1]\], making fractures the most frequent injury causing hospitalization during childhood \[[@CR2]\]. Fractures in children may cause a series of long-term harmful consequences for health, including secondary osteoarthritis, alignment problems of the fractured bone, and acute compartment syndrome \[[@CR3], [@CR4]\]. Most studies on fractures investigate older adults, mainly due to the high burden of osteoporotic disease. However, the incidence of fractures in childhood and adolescence is as high as in the elderly \[[@CR5]--[@CR7]\], and studies in young subjects are needed for a better understanding of the determinants of fractures \[[@CR8]\].

A cohort study from New Zealand showed that childhood and adolescent fractures were associated with early life exposures, including birth length, weight, and height at age 3 years and from 5 to 18 years \[[@CR8]\]. The ideal design for evaluating the impact of early life exposures on fracture risk is a prospective study in which subjects are followed-up from birth to adulthood. Such studies are rare, particularly in low and middle-income settings \[[@CR9]\]. We explored the effect of early life variables, such household socioeconomic status, maternal characteristics, birth outcomes, and gender, on the risk of fractures from birth to early adolescence in a prospective cohort study carried out in Brazil.

Materials and methods {#Sec2}
=====================

All hospital-delivered children born in 1993 in the city of Pelotas were enrolled in a birth cohort study (*N* = 5,249), representing over 99% of all deliveries in the city at that year \[[@CR10]\]. Pelotas is a medium-sized Southern Brazilian city (population 340,000 inhabitants) located near the border with Argentina and Uruguay. Mothers were interviewed soon after delivery on socioeconomic, demographic, behavioral, gestational, and delivery characteristics and newborns were weighed using calibrated pediatric scales. Birth length was also measured, as well as gestational age using the Dubowitz method \[[@CR11]\].

In 2004--2005, all cohort members were sought for a follow-up visit. Several strategies were used to guarantee high follow-up rates. A census of all schools in Pelotas was carried out and children born in 1993 were linked with their cohort identification number. In addition, a census of all 100,000 households in the city was carried out in the search of children born in 1993. Again, those located were linked with their cohort identification number. Other strategies were used for the few children not located using these two strategies. Deaths were monitored using official mortality statistics. The incidence of fractures was investigated, as well as the anatomic site of the fracture and the age of the cohort member when it happened. During the face-to-face interview, the mothers were asked these questions as the adolescents were less likely to accurately remember early life fractures.

Data were entered twice with automatic checks for consistency and range. Analyses were carried out using Stata 9.0. After descriptive analyses, the incidence of fractures was calculated for each sub-group of the independent variables using the chi-square test for heterogeneity of linear trend. Incidence of fractures in each given age was calculated as the number of new cases divided by the total number of subjects. Multivariable analyses were performed using Logistic and Poisson regression, following a hierarchical framework defined a priori, as suggested previously \[[@CR12]\]. The distal level included sex, family income and schooling. The intermediate level included maternal BMI, smoking, and age. The proximal level included birth weight, length, and gestational age. The effect of each independent variable on the outcome was adjusted for other covariates in the same level or above in the hierarchical model \[[@CR12]\]. In the logistic models, the lifetime incidence of fractures (yes/no) were used as the outcome variable, while in the Poisson regression, the number of fractures reported (0, 1, 2, 3, 4) was used.

The Ethical Committee of the Federal University of Pelotas Medical School approved the study protocol and written informed consents were obtained from parents or guardians.

Results {#Sec3}
=======

Out of the 5,249 participants of the cohort, 141 were known to have died before the 2004--2005 follow-up visit. Overall, 4,452 cohort members were located in this visit, resulting in a follow-up rate of 87.5%. Table [1](#Tab1){ref-type="table"} presents follow-up rates according to key baseline characteristics. Follow-up rates did not vary according to sex and birth weight, but were slightly higher among adolescents belonging to the poorest families, born to mothers from the intermediate schooling groups, and who were obese. Although statistically significant, these differences in terms of follow-up rates were small. At least 79.9% of the cohort members were traced regardless of the sub-group. Table 1Follow-up rates at 11 years according to key baseline characteristics**VariableOriginal cohort (number and %)% located**^**a**^***P*value**^**b**^Sex0.18Boys2,580 (49.2%)86.9Girls2,667 (50.8%)88.1Family income (minimum wages)\<0.001≤1967 (18.4%)88.31.1--3.02,260 (43.1%)88.73.1--6.01,204 (22.9%)88.96.1--10.0433 (8.3%)79.9\>10.0385 (7.3%)82.6Maternal schooling at birth (years)\<0.0010134 (2.6%)82.11--41,338 (25.5%)88.75--82,424 (46.2%)89.9≥91,350 (25.7%)82.5Birth weight (g)0.16\<2,500510 (9.8%)89.82,500--3,4993,361 (64.2%)86.9≥3,5001,361 (26.0%)87.9Pre-pregnancy body mass index0.004\<20.0 kg/m^2^1,147 (22.5%)87.620.0--24.9 kg/m^2^2,811 (55.2%)86.625.0--29.9 kg/m^2^894 (17.5%)90.3≥30 kg/m^2^245 (4.8%)92.2Overall5,249 (100.0%)87.5^a^Including 141 deaths^b^Chi-square test

Out of the 4,452 adolescents interviewed 29 (0.7%) had missing values for the fracture-related variables and thus analyses of the outcome variable used a maximum of 4,423 data points. The lifetime incidence of fractures was 14.2% (95%CI 13.2, 15.2). Out of the 628 subjects who experienced a fracture, 91 reported two fractures during lifetime and only 20 reported three or more fractures. There were 739 fractures among cohort members until the 2004--2005 follow-up visit. Table [2](#Tab2){ref-type="table"} presents the distribution of these fractures according to the anatomic site fractured. Table 2Anatomic sites of the fractures in the 1993 Pelotas (Brazil) Birth Cohort StudyAnatomic siteAbsolute frequencyArm and forearm332Fingers (foot and hand)94Clavicle64Leg58Wrist53Nose19Ankle15Elbow15Head11Ribs7Knee6Others or unspecified65^aa^Includes 35 subjects who reported "foot" and seven who reported "hand".

Table [3](#Tab3){ref-type="table"} shows the incidence of fractures according to age. There was a direct association between incidence of fractures and age (*P* \< 0.001). From birth to 5 years of age, the incidence of fractures was below 1% a year. Between 5 and 8 years, it ranged from 1.20% to 1.47%. From 9 years of age onwards, the incidence of fractures was markedly increased (reaching more than 2% per year). Table 3Incidence of fractures according to age in the 1993 Pelotas (Brazil) Birth Cohort Study**Age (years)Incidence of fractures (*N*)**0--0.90.61% (27)1--1.90.54% (24)2--2.90.70% (31)3--3.90.84% (37)4--4.90.84% (37)5--5.91.20% (53)6--6.91.27% (56)7--7.91.15% (51)8--8.91.47% (65)9--9.92.15% (95)10--10.92.44% (108)

Table [4](#Tab4){ref-type="table"} presents the unadjusted and adjusted association between the independent variables and the history of fractures. Girls were 36% less likely than boys to experience a fracture. Both socioeconomic indicators analyzed (family income and maternal schooling) were not associated with the incidence of fractures. Pre-pregnancy body mass index was also unrelated to the risk of fractures, as well as maternal smoking during pregnancy. High maternal age at delivery was a significant risk factor for fractures in both analyses (unadjusted and adjusted). Gestational age was not associated with the risk of fractures. Birth weight tended to be positively associated with the risk of fractures, although the difference was not statistically significant (*P* = 0.08 in the unadjusted and *P* = 0.12 in the adjusted analysis). Birth length was positively associated with the risk of fractures, both in the unadjusted and in the adjusted analyses. Those born taller than 50 cm were 80% more likely to experience a fracture in infancy or childhood than those born shorter than 46 cm. Because parity could explain the higher risk of fractures among adolescents born to older mothers, we repeated the analyses including adjustment for this variable. The odds ratio of 1.55 for adolescents born to mothers aged 35 years or more found without such an adjustment was reduced to 1.49 when parity was adjusted for, thus suggesting no relevant confounding effect. Table 4Incidence of fractures (yes/no), unadjusted and adjusted odds ratios according to the independent variablesVariableUnadjusted analysisAdjusted analysisLifetime incidence of fractures (95%CI)Odds ratio (95%CI)*P* valueOdds ratio (95%CI)*P* valueSex\<0.001^a^\<0.001^a^Boys17.0% (15.4; 18.5)1.001.00Girls11.6% (10.2; 12.9)0.64 (0.54; 0.76)0.64 (0.54; 0.76)Family income at birth (minimum wages)0.17^b^0.18^b^≤114.6% (12.2; 17.1)0.94 (0.65; 1.35)0.94 (0.65; 1.36)1.1--3.013.1% (11.5; 14.5)0.82 (0.59; 1.15)0.82 (0.59; 1.15)3.1--6.014.5% (12.3; 16.6)0.93 (0.65; 1.32)0.93 (0.66; 1.33)6.1--10.017.9% (13.7; 21.8)1.19 (0.79; 1.80)1.17 (0.77; 1.78)\>10.015.4% (11.4; 19.5)1.001.00Maternal schooling at birth (years)0.92^b^0.41^b^015.2% (8.0; 22.3)1.001.001--414.4% (12.3; 16.5)0.94 (0.53; 1.67)0.92 (0.52; 1.63)5--813.8% (12.3; 15.3)0.90 (0.51; 1.58)0.84 (0.48; 1.48)≥914.6% (12.5; 16.7)0.95 (0.54; 1.70)0.84 (0.47; 1.52)Pre-pregnancy body mass index0.10^b^0.71^b^\<20.0 kg/m^2^15.7% (13.4; 17.9)1.001.0020.0--24.9 kg/m^2^13.4% (12.0; 14.8)0.84 (0.68; 1.03)0.83 (0.67; 1.02)25.0--29.9 kg/m^2^13.3% (10.9; 15.7)0.83 (0.63; 1.08)0.81 (0.62; 1.07)≥30 kg/m^2^18.2% (13.0; 23.3)1.20 (0.82; 1.76)1.15 (0.78; 1.70)Maternal smoking during pregnancy0.25^a^0.17^a^No13.8% (12.5; 15.0)1.001.00Yes15.1% (13.2; 16.9)1.11 (0.93; 1.33)1.13 (0.95; 1.36)Maternal age at delivery (years)0.02^b^0.008^b^\<2011.8% (9.5; 14.1)1.001.0020--3414.3% (13.0; 15.5)1.24 (0.97; 1.58)1.23 (0.96; 1.57)≥3517.5% (14.1; 20.8)1.58 (1.15; 2.17)1.55 (1.12; 2.15)Gestational age (weeks)0.25^b^0.24^b^\<3712.5% (9.0; 16.0)1.001.0037--38.913.7% (12.3; 15.1)1.12 (0.79; 1.57)1.04 (0.72; 1.21)≥3915.2% (13.5; 16.8)1.26 (0.89; 1.78)1.16 (0.79; 1.68)Birth weight (g)0.08^b^0.12^b^\<2,50010.8% (7.8; 13.9)1.001.002,500--3,49914.1% (12.8; 15.4)1.35 (0.97; 1.89)1.35 (0.97; 1.89)≥3,50015.4% (13.3; 17.4)1.49 (1.05; 2.13)1.42 (0.99; 2.03)Birth length (cm)0.002^b^0.03^b^≤469.9% (7.4; 12.3)1.001.0046.1--48.014.0% (12.0; 16.0)1.49 (1.07; 2.06)1.56 (1.11; 2.21)48.1--50.014.9% (13.2; 16.6)1.61 (1.18; 2.19)1.70 (1.18; 2.45)\>50.015.8% (13.5; 18.1)1.72 (1.24; 2.38)1.80 (1.16; 2.80)^a^Likelihood ratio test for heterogeneity^b^Likelihood ratio test for linear trend

The multivariable analysis was repeated (Table [5](#Tab5){ref-type="table"}) using the number of fractures (0, 1, 2, 3) as the outcome variable in a Poisson regression model. Risk factors were consistent with those presented in the logistic regression using a dichotomous variable (yes/no). Table 5Poisson regression using number of fractures as the outcome variableVariablePrevalence ratio (95%CI)*P* valueSex\<0.001^a^Boys1.00Girls0.73 (0.63; 0.84)Family income at birth (minimum wages)0.04^b^≤10.80 (0.60; 1.09)1.1--3.00.77 (0.59; 1.01)3.1--6.00.86 (0.66; 1.15)6.1--10.00.94 (0.67; 1.83)\>10.01.00Maternal schooling at birth (years)0.80^b^01.001--41.00 (0.60; 1.67)5--80.95 (0.57; 1.57)≥90.98 (0.58; 1.65)Pre-pregnancy body mass index0.81^b^\<20.0 kg/m^2^1.0020.0--24.9 kg/m^2^0.88 (0.73; 1.05)25.0--29.9 kg/m^2^0.86 (0.68; 1.09)≥30 kg/m^2^1.12 (0.81; 1.56)Maternal smoking during pregnancy0.31^a^No1.00Yes1.08 (0.93; 1.26)Maternal age at delivery (years)0.008^b^\<201.0020--341.22 (0.99; 1.51)≥351.45 (1.10; 1.92)Gestational age (weeks)0.48^b^\<371.0037--38.90.94 (0.68; 1.29)≥391.01 (0.73; 1.40)Birth weight (g)0.59^b^\<2,5001.002,500--3,4991.10 (0.79; 1.54)≥3,5001.01 (0.68; 1.49)Birth length (cm)0.02^b^≤461.0046.1--48.01.35 (1.02; 1.79)48.1--50.01.44 (1.10; 1.88)\>50.01.46 (1.10; 1.94)^a^Wald test for heterogeneity^b^Wald test for linear trend

Discussion {#Sec4}
==========

To our knowledge, this is one of the few prospective studies evaluating the association between early life factors and risk of fractures from birth to adolescence. No previous studies on this issue were carried out in Latin America. Such studies are warranted because of the growing scientific interest in the Developmental Origins of Health and Disease (DOHaD) hypothesis, which suggest that pre- and post-natal variables operating in the first years of life may program health in the long term \[[@CR13]\]. Initially focused on complex chronic disease indicators only, the DOHaD hypothesis has been expanded to mental health \[[@CR14]\] and some researchers have suggested that musculoskeletal disorders could also be partially programmed by factors operating in early life \[[@CR15], [@CR16]\].

A previous study in Brazil found that 28.3% of the adults interviewed (aged 20 years or more) experienced at least one fracture during lifetime \[[@CR17]\]. Consistently with that study, our analysis including adolescents showed that males were more likely than females to experience fractures. This trend is likely to be inverted with increasing age, when osteoporotic fractures, which are more frequent among women, start to happen. In the ALSPAC cohort in England \[[@CR18]\], 8.9% of the children experienced a fracture between 9.9 and 11.9 years of age. In our cohort, incidence of fractures between 9 and 10.9 years was 4.6%. In the birth-to-twenty cohort from South Africa \[[@CR19]\], 27.5% of the participants sustained a fracture over a 15-year period, compared to 14.2% over an 11-year period in our cohort.

In a New Zealand cohort, Jones and coworkers \[[@CR8]\] found that birth length was positively associated with the risk of pre-pubertal fractures, which is in accordance to our results. A possible biological mechanism is the previously reported positive association between birth length and bone mineral density \[[@CR18]\]. The negative findings of our study are also relevant in terms of public health. As observed in the New Zealand cohort \[[@CR8]\], maternal smoking during pregnancy was not associated with the risk of fractures, although the New Zealand study found a positive association between adolescents' smoking and risk of fractures.

The positive association between maternal age and risk of fractures is difficult to interpret. Our original hypothesis was that children of adolescent mothers might have been at greater risk due to inadequate child care, but the results came out in the opposite direction. It is possible that older mothers have faced increased demands on calcium and vitamin D stores through repeated pregnancies, which could explain the positive association between maternal age and risk of fractures. However, adjustment for parity did not influence such an association. We found no other studies reporting such an association and confirmation by other researchers is essential.

A previous study in the same city reported that adults in the lowest socioeconomic position category---based on household assets---were 3.2 times more likely than those in the highest category to have experienced a fracture within the 12 months prior to the interview \[[@CR17]\]. Because the socioeconomic classification is based on assets acquired over several years rather than concurrent income, reverse causality is unlikely to explain this finding. Data from the ALSPAC cohort in the United Kingdom showed that social position is directly related to bone mineral content of adolescents \[[@CR18]\], which may reduce their risk of fractures. These trends were not confirmed in our study with Brazilian adolescents. In the Poisson models, the association was actually in the opposite direction.

A limitation of our study is that, so far, we have no data on bone mineral density for cohort members. We are planning to collect such data in the next follow-up visit, which will take place in 2011, when subjects will be aged 18 years. An advantage of our study is that two multivariable techniques provided consistent results in terms of the risk factors for fractures, reducing the possibility of type 1 error. Also, the prospective nature of the data reduces the possibility of recall bias.

Our findings are in agreement with the literature regarding an increased risk of fractures among boys and among children who were longer at birth \[[@CR8], [@CR18], [@CR19]\]. The finding on higher risk among children born to older mothers needs to be replicated. Our results suggest that, in accordance with the hypothesis of developmental origins of diseases, fractures seem to be, at least in part, programmed in early life.
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